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FOREWORD 


The  object  of  the  work  described  in  this  report  was  to  determine 
certain  physical  constants  of  V  agents.  The  work  was  done  daring  the 
period  of  5  May  1954  to  30  September  1956  and  was  conducted  under 
Subproject  4-08-03-016-10,  Agent  Physicochemical  Research  (U)  (formerly 
subprojects  4-08-03-016-01,  4-08-03-016-02,  4-08-03-016-04,  and 
4-08-03-016-11.  Experimentatdata are  containedin notebooks  427.8,  4298,  4483, 
46 12,  4616,  4668,  4671,  and  4708.  This  report  was  submitted  for  publication 
in  May  1959. 


Notices 


This  document  contains  information  affecting  the  national 
defense  of  the  United  States  within  the  meaning  of  the  Espionage  Laws, 
Title  18,  U.S.C.  ,  sections  793  and  794.  The  transmission  or  the 
revelation  of  its  contents  in  any  manner  to  an  unauthorized  person  is 
prohibited  by  law. 

Reproduction  of  this  document  in  whole  or  part  is  prohibited 
except  with  permission  of  the  issuing  office;  however,  ASTLA  is  authorized 
to  reproduce  the  document,  for  U.  S.  Governmental  purposes. 

Disposition 

When  this  document  has  served  its  purpose,  DO  NOT  return 
to  U.  S.  Army  Chemical  Warfare  Laboratories.  DESTROY  in  accordance 
with  paragraph  28  of  AR  380-5. 

Additional  Copies 


Request  for  additional  copies  should  he  made  to  Armed 
Services  Technical  Information  Agency,  Arlington  Hall  Station,  Arlington 
12,  Va.  ,  ATTN:  TEPDR!. 
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(C)  DIGEST 

(U)  Physical  constants  have  been  determined  on  several  samples 

of  V  agents  synthesized  in  these  Laboratories . 

'••A 

(C)  ^  The  values  of  physical  constants  for  VE,  VG,  VS,  VX,  EA  1728, 

and  EA  1763  which  were  found  are  probably  the  same  as  the  values  which  wil 
be  obtained  with  100%  pure  samples  of  these  compounds.  Repeated  synthes e 
and  varied  purifications  have  produced  V  agents  of  higher  purities.  The 
values  shown  for  VP,  EA  1521,  EA  1576,  EA  1622,  VM,  EA  1694,  and 
EA  1699  are  probably  somewhat  different  from  those  which  will  be  obtained 
with  100%  pure  samples. 

'V 
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SECRET 

PHYSICAL  CONSTANTS  OF  THIRTEEN  V  AGENTS  (U) 


I.  (S)  INTRODUCTION. 

(C)  Continuing  research  is  conducted  to  find  chemical  warfare 

agents  more  effective  than  the  present  standard  agents.  Among  the 
improvements  sought  are  (a)  increased  toxicity  or  vesicancy,  (b)  greater 
stability,  (c)  easier  penetration  of  protective  devices,  (d)  increased 
difficulty  of  detection  and  decontamination,  and  {e)  greater  efficiency  in 
dissemination.  Research  in  these  Laboratories  and  in  industrial, 
academic,  and  foreign  laboratories  has  developed  compounds  with  greater 
percutaneous  toxicity  than  GB.  Among  such  compounds  are  those 
described  in  this  report. 

(S)  The  final  steps  of  the  various  methods  used  in  the  preparation 

of  V  agents  of  the  general  type  I, 


R'0/  NSC^CH^R'^ 

(I) 

where  R,  R',  and  R"  are  the  same  or  different  alkyl  groups,  have  been 
reported  previously1  and  are  illustrated  by  the  following  reactions: 

RP(0)(0R')C  1  +  NaSCH2CH2NR^  — *  I  { 1) 


[RP(0)(0R’)S]  Na  +  C  lCH2CH2NR^->  I 


(2) 


RP(OR’)OCH2CH2NR^  +  S-*  RP(OR,)(S)OCH2CH2NR^-^>I  (3) 


RP(S)(OR»)Ci  +  HOCH2CH2  NR”->  RP(OR')(S)OCH2CH2NR2-A>I  (4) 

(C)  Compounds  VP  (EA  15 i  1)  and  EA  1576,  while  V  agents,  do  not 

have  the  characteristic  structure  of  type  I  and  are  not  prepared  by  the 
above  syntheses. 
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II.  (C)  EXPERIMENTAL. 


SECRET 


A,  (U )  Materials. 

The  sampLes  of  the  V  agents  used  in  the  work  reported  here 
were  synthesized  in  these  Laboratories,  and  no  attempts  for  additional 
purification  were  made  by  the  authors.  Analytical  data  received  with  the 
samples  are  shown  in  table  i,  appendix. 

Q  /T7\  TT1 _ —  v _ 3  T“> _ -  J _ 

.  \  w  /  ^v^uiyfxtr.iu  oua  riuucuiucs. 

Equipment  and  procedures  for  the  measurement  of  density, 
viscosity,  surface  tension,  and  freezing  point  have  been  previously 
described.  2,  3  The  measurements  are  precise  to  ±0-02%,  ±0.5%,  ±0.4%, 
and±0.0i°C,  respectively.  Some  surface-tension  values  reported  here 
were  determined  by  either  the  capillary- rise  method,  the  DuNouy  ring 
method,  or  the  Cassel  tensiometer  (National  Instrument  Laboratories, 
Riverdale,  Md.).  The  latter  is  essentially  a  bubble-pressure  tensiometer, 
which  requires  only  a  few  drops  of  liquid.  Water  solubility  was  measured 
by  the  cloud-point  method  in  a  modified  Beckmann  freezing-point  apparatus. 
Flash  points  were  detetmined  in  a  semimicro  apparatus  similar  *o  that 
reported  by  McCutchan  and  Young.  4 

C,  (C)  Results . . 

Physical  properties  of  13  V  agents  are  shown  in  the  table  below. 
The  values  for  VE,  VG,  VS,  and  VX  are  from  the  samples  considered 
best.  The  single  samples  of  EA  1723  and  EA  1763  gave  consolute  curves 
in  water  that  indicated  high  purity.  Since  repeated  syntheses  and  varied 
purifications  have  produced  V  agents  of  increased  purity,  it  is  probable 
that  the  physical  constants  of  YP,  EA  1521,  EA  1576,  EA  1622,  VM,  EA  1694, 
and  EA  1699  may  be  subsequently  changed.  Detailed  results  are  given  in 
the  appendix  . 

HL  (S)  DISCUSSION. 

(S)  Attempts  were  made  to  observe  correlation  among  the  physical 

properties  of  the  13  V  agents  covered  in  this  report.  Trends  were 
apparent  in  the  phosphenothioates  VE,  EA  1622,  VM,  VS,  EA  1694,  EA  1699, 
VX,  EA  1728,  and  EA  1763,  but  considerable  deviation  from  the  trends 
were  noted  if  gross  changes  were  made  in  the  substituents  on  the  phosphorus, 
e.g.,  VG,  VP,  EA  1521,  and  EA  1576. 
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Table 


Physical  Properties  of  V  Agents  (U) 


Agent 

Density 

Viscosity 

Surface 
tension 
it  Z  5 e C 

Parachor 

Melting 

Flash 

!  Lower 

J  consolute 

at  25*C 

at  25‘G* 

I  Calculated 

r 

1  i'  ww uu 

i 

point 

1 

point** 

j  temp  in 
water 

g/ml 

cs 

|  dyne  3  /cm 

-f - 

i 

i 

| 

C‘ 

VG 

(EA  1508) 

1.0457 

4.  74 

31.0 

! 

617.6 

607. 8 

j 

|  ca. -5  1 

- 

j  25.  5 

VP 

(EA  1511) 

1.023 

29.  6 

30. 4 

678.  2 

682.  5 

| 

_ 

j  . 

VE 

(EA  1517) 

1.0180 

5.44 

29.  5 

j  597.6 

587.7 

- 

157 

1 

1 

j  4  1.4 

EA  1521 

0.995 

- 

- 

807.6 

J  j 

- 

- 

! 

- 

EA  1576 

1.0829 

23.  3 

32.4 

686.  9 

670.  5 

- 

- 

- 

EA  1622 

1.023 

6.  10 

29.  7 

594.  6 

578.  1 

- 

135 

- 

VM 

(EA  i&64) 

1.0311 

5.  85 

31.  2 

557.  6 

548.  6 

_ 

74 

VS 

(EA  1677) 

1.0016 

9-  36 

29.  9 

671.  6 

657.0 

ca. - 35  | 

168 

ca.  -  5 

EA  1694 

1.0453 

4.  92 

31.5 

517.6  ! 

i 

510.6 

- 

misc . 

0  to  100 

EA  1699 

1. 0600 

5.  31 

32.  0 

477.6 

474.  1 

- 

- 

- 

vx 

(EA  1701) 

1. 0083 

9.  96 

31.6 

631.6 

628.  7 

_ 

159 

9.4 

EA  1728 

0.9899 

11.4 

29.  2 

668.  6 

660  8 

ca.  -  12 

170  j 

-1.6 

EA  1763 

0.9973 

1 1.  3 

30.  2 

671.6 

66 1 . 5  j 

- 

1 

below  0 

*  (U)  Values  at  other  temperatures  are  contained  in  the  appendix. 


**  (U)  Values  determined  in  a  semimicro  apparatus. 
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(S)  Conclusions  regarding  the  trends  were  based  on  those  samples 

of  each  compound  which  were  considered  the  best  of  all  received.  The 
principal  criteria  of  the  best  samples  were  the  water-solubility  curves. 

The  critical  solution  temperature  of  a  tertiary  amine  is  a  very  sensitive 
indicator  of  both  water-soluble  and  water-insoluble  impurties.  The  shape 
of  the  curve  of  cloud-point  temperature  versus  concentration  of  amine  in 
water  gives  not  only  a  qualitative  estimate  of  the  ratio  of  water  soluble  to 
water-insoluble  impurities  but  also  can  give  an  estimate  of  total 
impurities .  ^  Because  the  samples  for  which  cloud  points  were  measured 

were  prepared  by  essentially  the  same  method,  the  same  types  of  impurities 
would  be  expected. 

(S)  Where  several  samples  of  a  compound  were  received,  an 

increase  in  purity  (based  on  water- solubility  curves)  was  usually  noted  in 
the  Later  samples.  In  view  of  this  observation,  it  was  considered  probable 
that  the  single  samples  of  EA  1622,  EA  1694,  and  EA  1699  were  of  relatively' 
low  purity.  With  these  qualifications  ir.  mind,  the  following  conclusions 
were  made: 

1 .  ( C )  Density. 


The  change  in  density  resulting  from  changes  in  R,R’,  and 
R"  in  the  structure  RP(0)(0R')S-C2N^NR'2  was  nearly  a  decreasing  linear 
function  of  total  carbon  atoms  or  of  molecular  weight.  Within  the  limit 
of  sensitivity  shown  by  density  determinations ,  and  considering  the  small 
number  of  compounds  examined,  it  appeared  that  little  difference  in 
density  resulted  from  substitution  at  a  specific  site  in  the  molecule.  It  is 
interesting  to  note  that  changing 


s 


C2H5 


to 


P  -OG-.H 

/  6  5 


(VE  to  VG)  is  accompanied  by  an  increase  in  density.  Good  agreement  with 
the  United  Kingdom  density  values"'’  was  observed  when  samples  were  of 
comparable  purity. 
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2.  (U)  Surface  Tension, 

Parachor  for  each  of  the  compounds  was  calculated  using  the 
atomic  and  structural  values  of  Mumford  and  Phillips.  ®  The  calculated 
parachors  were  then  compared  with  parachors  obtained  by  substitution 
of  surface  tension  in  the  expression: 

where 

P  =  a1^  M/D 

P  =  parachor 

a  =  surface  tension  at  25°C,  dynes/cm 

ivl  -  formula  wcignt 

D  =  density  at  25 “C,  g/ml 

Parachors  for  pure  homologs  of  a  series  should  be  an  additive 
function.  The  magnitude  of  deviation  between  calculated  and  measured 
parachors  for  some  of  the  compounds  reported  here  has  indicated  the 
presence  of  impurities. 

3.  (S)  Viscosity. 

Plots  of  log  jq  viscosity  versus  molecular  weight  or  total  carbon 
atoms  both  gave  the  same  type  curves.  The  decrease  in  logjg  viscosity 
from  increased  size  of  R  (from  -CH^  to  -CzR$)  was  the  same  (EA  1699  to 
EA  1694,  VM  to  VE,  and  VX  to  'S).  The  increase  of  log  viscosity  from 
changed  (R")2  [from.  -CH^  to  -C^H^  to  -CKvCKj)^]  was  the  same  (EA  1699 
to  VM  to  VX  and  EA  1694  to  VE  to  VS).  These  changes  suggest  a  limited 
potential  for  the  tailoring  of  viscosity  to  a  desired  value. 

4.  (C)  Flash  Point. 

Flash  points  of  five  V  agents  (VE,  EA  1622,  VS,  VX,  and 
EA  1728)  were  measured  with  a  few  drops  of  each  of  the  liquids.  All  of  the 
compounds  flashed  in  the  temperature  range  from  135*  to  170  °C.  Flash 
points  of  a  homologous  series  of  organic  liquids  are  usually  a  function  of 
vapor  pressure,  or  of  total  carbon  atoms  in  the  molecule,  and  are  also 
affected  by  the  position  of  the  carbon  atoms  in  branched  molecules. 
Relatively  pure  samples  of  VS  and  EA  1728,  each  with  12  carbon  atoms, 
had  flash  points  of  168°  and  170eC,  respectively.  Larger  differences  as 
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shown  by  the  10-carbon  atom  EA  1622  (flash  point  of  135°C)  and  EA  1728 
may  have  been  caused  by  structural  differences  but  may  also  have  been 
caused  by  the  presence  of  relatively  volatile  impurities  in  EA  i622. 


5.  (S)  Melting  Points. 


Melting  points  were  obtained  with  only  three  of  the  compounds 
discussed  in  this  report:  VG,  VS,  and  EA  i?28.  VG  with  an  ethoxy  group 
substituted  for  R  in  the  structure  RP(0)(0R' )SC2H4NR2  had  a  melting  point 

of  ca.  - 5 1 0 C.  VS  with  R  =  ^C2H5’  R'»— C2h5>  and  R'1^  — CH(CH3)2  had 
a  melting  point  of  ca.  -35°C.  EA  1728  with  R= — CK3,  R!  ^  R"^r — CH(CH3)2 
had  a  melting  point  of  ca.  -12°C.  Predictions  based  on  these  few  melting 
points  are  subject  to  considerable  error,  but  it  is  considered  probable  that  all 
of  the  compounds  having  the  above  structure  and  with  R,R'  and  R"  being  any 


iy  i }  Ginyi,  saHCI  iSOurOpyl  Will  ireCiie  l>6  LuV;  —  L  ^ ,  cXg  epl 


for  the  single  compound  which  has  R=-  R '  ■=•  R"-=  — CH(CH 3)2 .  This  compound 
has  not  been  synthesized,  but  its  melting  point  is  probably  above  -12°C. 


6.  (C)  Lower  Consolute  Temperature. 


It  is  apparent  that  the  lower  consolute  temperatures  of  VE,VM, 
VS,  EA  1694,  VX,  EA  1728,  and  EA  1763  in  water  are  a  decreasing 
function  of  total  carbon  atoms  in  the  molecule.  Sufficient  data  have  not 
yet  been  obtained  to  permit  strict  conclusions  concerning  the  effect  of 
carbon-atom  position  in  the  molecule  upon  lower  consolute  temperature. 
However,  there  were  promising  indications  that  such  a  relation  existed, 
and  it  is  hoped  that  the  relation  will  be  disclosed  with  the  aid  of  more 
sensitive  apparatus  (presently  being  assembled)  and  with  samples  of  high 
purity. 

7.  (C)  Vapor  Pressure. 


«  I  •  *•  I  f 


- _ ... _  -2  —  t  ’ - \ - ' _ _ 

■picoouic  uaitt  uav  c  cm  UULdlXl^Cl  iG 


Distillation  data  and  other  information  show  the  V  agents  to  have  vapor 
pressures  in  the  10' ^  trim  Hg  range  at  normal  temperatures,  A  Knud  sen 
effusion  cell  has  been  fabricated,  and  calibration  runs  with  standard 
samples  having  vapor  pressures  in  the  range  from  10"5  to  10*3  mm  Hg 

being  made.  A  micromancmetcr  cr  differential  diaphragm  gage  is  also 
being  tested  with  materials  having  vapor  pressures  in  the  range  from  10" 3 
to  1  mm  Hg.  Subsequent  reports  will  include  vapor-pressure  data  of 
agents  and  candidate  agents  as  the  data  are  obtained. 
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IV.  (C)  CONCLUSIONS. 

The  values  of  physical  constants  for  VE,  VG ,  VS,  VX,  EA  1728. 
and  EA  1763  which  were  found  are  probably  the  same  as  the  values  which 
will  be  obtained  with  100%  pure  samples  of  these  compounds.  Repeated 
syntheses  and  varied  purifications  have  produced  V  agents  of  higher  purities. 
The  values  shown  for  V?,  EA.  1521,  EA  1576,  EA  1622,  VM,  EA  1694  and 
EA  1699  are  probably  somewhat  different  from  those  which  will  be  obtained 
with  100%  pure  samples. 

V.  (U)  LITERATURE  CITED. 

1.  Canfield,  J.  H.  ,  Kagan,  B.  ,  and  Hoffmann,  F.  W. 

OVfLR  204 8.  Preparation  of  V  agents  in.  A^usoiia  xvledium.  august  1720. 

A'-'  .  ■:  O  AC...'<~ 

2.  Zeffert,  B.  M.  ,  and  Couiter,  P.  B.  TCR  36.  Progress 
Report.  Physical  Constants  of  G  Series  Compounds.  June  1949. 

3.  Zeffert,  B.  M.  ,  and  Coulter,  P.  B.  TDMR  1292. 

Physical  Constants  of  G  Series  Compounds  -  Compounds  EA  1210,  EA  I2ii, 
EA  1212,  EA  1213,  EA  1214.  July  1947. 


1974  (1952). 


4.  McCutchan,  P.  ,  and  Young,  D.  A.  Anal.  Chem.  24 , 


5.  Neale,  E.  PTP  470.  The  Solubility  of  Phosphorothiolate3 

and  Related  Compounds .  Part  1.  1955. 

6.  Callahan,  J.  J.  ,  Coulter,  P.  B.  ,  and  Zeffert,  B.  M. 
CWLR  2074.  Solubility  Studies  With  VE  and  VG,  October  1956. 


7.  Tenth  Tripartite  Conference. 
Agents.  Item  4.  1955. 


ETF  500  E-8777.  CW 


8.  Mumford,  S.  A.,  and  Phillips,  J.  V/.  C.  J.  Chem. 
Soc.  1929,  2112. 

9.  Trick,  G.  S.  Suffield  Technical  Note  No.  12.  The 
Vapour  Pressure  of  VE.  R4arch  1956. 


CONFIDENTIAL 


11 


(S) 


SECRET 

GLOSSARY 


V  agents  are  that  class  of  toxic  chemical  agents  that  contain 
phosphorus,  have  high  anticholinesterase  activity,  are  highly  toxic  by  the 
percutaneous  route,  and  have  a  very  Low  vapor  pressure.  Examples  are  the 
following  compounds  synthesized  by  these  Laboratories. 


Formula 


Name 


VG 

(EA  1508) 


c2h5o. 


C2H5°' 


pr_SC2H4N(C2H5)2 


VP 

(EA  1511) 


0,0-diethyl  S- ( 2-diethylami- 
no)  etliylphosphorothi  oate 


3-pyridyl  3, 3.  .5- trimethyl- 
cyclohexyl  metny Iphosphonate 


VE 

(EA  1517)  C2H5  0 

^p^-sc2h4n(c2h5)2 

C2h5o/ 


0-ethyl  S- ( 2-diethy lamino- 
ethyl)  ethylphosphonothioate 


EA  1521 


CH- 


\  “ 


;jh3X 

\  - SC2H4N(C2H5)2 

/ 


CHf 


\ 


ch3 


0-3A5-  triraethylcyclohexyl 
S- (2-diethylaminoethy 1)  methyl- 
phosphonothioate 


r  *  i  c  ■ 

Cn  L  -j  i 


2-ethoxycarbonv l-  1 -methyl— 
vinyl  3-methylcyol ohexyl 
methylphosphonate 


SECRET 


SECRET 


Agent 


Formula 


EA  1622 


3-^ 

</ 

CH 

/  \ 

ch3  ch3 


SC2H4N(C2H5)  2 


0- isopropyl  S- (2-diethyl- 
aminoethyl)  me thy Iphosphono- 
thioate 


(EA  1664)  CH3 

^p— sc2h4n(c2h5)2 


CoHrO 


0-ethyl  S- (2-diethylamino- 
ethyl)  methy lphosphonothioate 


(EA  1677)  C2H5 

^  P— sc2h4n  |_CH(CH3)  2J  2 

c2h50 


0-ethyl  S- (2-di isopropyl- 
aminoethyl)  ethy lphosphono- 
thioate 


EA  169A  C2H5 

^P^-SC2H4N(CH3)  2 

c2h5oX 


0-ethyl  S- (2-dimethylamino- 
ethyl)  ethy lphosphonothioate 


EA  1699 


SC2H4N(CH3) 


c2h5o 


0-ethyi  S- (2-dimethylamlno- 
ethyl)  methy lphosphonothioate 


VX 

(EA  1701)  CH 


3^p— sc2h4n[ch(ch3)2J2 


c2h5o 


0-ethyl  S- (2-dii*opropylamino- 
ethyl)  methylphosphonothioate 


EA  1728 


/° 

■p— sc2h4n[ch(ch3) 


(CH3)2CH 


0-isopropyl  S- (2-diisopropy 1- 
aminoethyl)  rcethy lphosphono¬ 
thioate 
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SECRET 


EA  1763 


ch3  71 


\p-SC2H4N  [CH(CH3)^j2 
\c3H7 


On-propyl  S- (2-diisopropyl 
aminoethyl)  methy lphosphono 
thioate 


t 


SECRET 

^  A 

+.—-W 


(C) 


CntNFinFNTI  AT 

>  s  K  «  m.  A  A  •*  M.  M.JZ  H  M~4 

APPENDIX 


DETAILED  RESULTS  OF  STUDIES  WITH  V  AGENTS  (U) 


1.  (C)  VG  (EA  1508). 


(C)  A  total  of  six  samples  of  VG  were  received  during  the  period 

from  5  May  1954  to  18  May  1955.  Analytical  data  for  five  of  the  samples  are 
included  in  table  1.  Measured  physical  properties  of  all  the  samples  are 
listed  in  table  2.  Density,  viscosity,  and  surface  tension  of  samples 
5  May  1954,  4  June  1954,  fraction  1,  and  4  June  1954,  fraction  4,  were 
run  before  the  virtues  of  water  solubility  for  purity  estimation  had  been 


WM  t  »»  VkVV,*  ~  w  h*  «  /  v  w  i  vV»  vi  A  ~  C  Vil  O’/iUbC  kCll  <i  l-U  1  CO 

(L.C.T.)  were  obtained  for  all  subsequent  samples  where  the  type  and 
quantity  of  impurities  permitted  such  measurements.** 


(C)  Such  small  amounts  of  a  sample  received  on  19  April  1955 

and  of  sample  2897  were  received  that  measurements  of  any  physical 
properties  besides  L.C.T.  were  precluded.  This  was  unfortunate  in  that 
the  sample  of  19  April  1955  yielded  the  highest  L.C.T.  arid  was  probably 
slightly  purer  than  sample  2900.  Only  one  impure  sample  of  VG  has  been 
frozen.  A  melting  point  of  -50.  7°C  has  been  observed,  indicating  that 
pure  material  will  probably  freeze  somewhat  above  -50°C. 


(C)  Sample  2900  was  the  best  sample  for  which  several  physical 

properties  are  available.  Based  on  water- solubility  data,  it  was 
considered  probable  that  both  density  and  viscosity  of  100%  VG  will  be 
only  slightly  greater  than  the  values  found  for  sample  2900.  More 
extensive  water- solubility  data  are  given  elsewhere.** 


*  (U)  Neale,  E.  PTP  470.  The  Solubility  of  Phosphorothiolates  and 

Related  Compo'tnds.  Part  1.  1955. 

Callahan,  J.  J.  ,  Coulter,  P.  B.  ,  and  Zeffert,  B.  M.  CWLR  2074. 
Solubility  Studies  With  VE  and  VG.  October  1956. 

**  (U)  Caliban,  J.  J.  ,  Coulter,  P.  B.  ,  and  Zeffert,  B.  M.  CWLR  2074. 

Solubility  Studies  With  VE  and  VG,  October  1956. 
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2.  (C)  VP  (EA  1511). 

(C)  One  sample  of  VP  was  received  and  the  physical  properties 

measured  are  Listed  in  table  3.  Frequent  vitrifaction  in  iiquid  nitrogen 
followed  by  storage  at  temperature s  from  -  70°  to  -  10  °C  did  no'  yield 
crystals . 

(C)  TABLE  3 

PHYSICAL  PROPERTIES  OF  VP  (EA  1511)  (ANAL.  2216)  (U) 


T  emperature 

Density 

r~ 

Viscosity 

Surface 

tension* 

Water 
soLubiLity  ** 

°C 

g/ml 

C  8 

dvnes  /  cm 

w  t  % 

25 

1.  023 

29.  6 

30.  4 

35 

1.  016 

17.0 

- 

- 

50 

1.005 

8.  7 

- 

- 

15-50 

- 

- 

- 

0.  10 

*  (U)  Measured  by  the  DuNouy  ring  method. 


**  (U)  Measured  by  the  cloud-point  method  in  a  modified 
Beckmann  freezing-point  apparatus. 


3.  (C)  VE  (EA  1517), 

(C)  About  20  samples  of  VE  were  received  during  the  period 

23  April  1954  to  9  December  1955.  Only  cloud  points  in  water  were  deter¬ 
mined  with  several  of  the  samples  (table  4),  in  order  to  test  the  effectiveness 
of  various  purifying  measures.  Some  of  the  samples  were  so  impure  that  the 
measurement  of  additional  physical  properties  was  unwarranted.  More 

Ayfpn  ai  vp  vuat  a  i*  —  an  I  n  Ki  1  it-\r  rl  n  fa  V»a  vo  ronr.^t.->/5  «l  cf>**<V5fvrp  #  'TV.  ^  f  I  jn  =:  V, 

—  —  —  .  — -  ^  ■“  W  — ’  •  —■*'  »  »  •  »  ^  N*  ■—  ^  V  ' '  *  *  w  V  A  W  V-l  w  1  Vt  X  X  X.  V  •  X  X  X  V—  A.  1  CA  ij  X  X 

point  of  an  impure  sample  not  listed  in  table  4  was  found  to  be  157°C. 
Intermittent  efforts  to  freeze  VE  were  made  during  a  period  of  1  yr.  Pre¬ 
vious  work  has  shown  that  crystallization  may  be  induced  in  organic  liquids 
by  cooling  to  vitrifaction  at  -  196  °C  in  liquid  nitrogen,  followed  by  storage  at 
temperatures  from  5°  to  10*0  below  the  melting  point.  Crystallization  may 
also  be  accomplished  by  seeding  a  supercooled  liquid  with  crystals  of  a  com¬ 
pound  having  a  similar  molecular  structure.  Vitrifaction  of  VE  followed  by 
storage  at  temperatures  raised  in  5°C  increments  from  -7  1°  to  -13°C,  and 
inoculation  with  crystals  of  VG  and  EA  1599  (the  P  =  S  isomer  of  VG)  did 
not  result  in  crystallization  of  VE. 

*  (U)  Callahan,  J.  J.  ,  Coulter,  P.  B.  ,  and  Zeffert,  B.  M.  CWLR  2074. 
Solubility  Studies  With  VE  and  VG.  October  1956. 
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TABLE  4 


COiVFiOFflTiAl. 


A  5- ml  saro  v  --i  uv  '  -  •• 

ity  was  Eneagi’red.  A  value  of  0.  995  g/m.  was 


/ad  i  .nd  'V  i; 

.  -.'ued  at  25 .  ’  ’  *. . 


mm 


J.  (C'  EA  1576. 

Or* 2  sample  o.  EA  T_  '  was  .  e 
show  i  i-  sab le  5 . 

(C)  TABLE  5 


i  e  pro/f  rtir..  s  'Tp.  is 


m  w*'-i 


■v,  ijm? 

#!»  .#*/?«*&$ 
l  a  Jr' .ml 


PHYSICAL  PROPERTIES  OF  EA  1576  (ANAL.  23L&-A  d/- 


(C) 


T  emperature 

Density 

Viscosity 

t 

L-, - r 

°C 

g  /  ml  i 

C  8 

r  -* - 

d\ 

25 

1. 0829 

23.  3 

35 

1.0743 

14.7 

>.  50 

1.0616 

8.  38 

/  - 


32.  f 


(U)  Measured  by  the  DuNouy  ring  method. 


6 . 


(C)  EA  1622. 


'hsitfiy  :a\  V** 

A  single  sample  of  compound  EA  1622  was  re;  eivtd;  !'tn- 
physic*-  Pr<  Vl^^v-s  V^^’Pertie8  measured  are  shown  in  cable  6.  S\.b&  iqutrv  r>  .mv, 

vAll  probab.  pUrer  and  may  yield  (different  values.  The  Sr~  •*/  ft  rii 


facs-ic?8!  and  B  e  treatment  applied  to,  YE  was  given  o  EA  1  -.v, 2 

inocut  .Hon  ws  <s  carried  cat  ant;  uo  crynLy.Hzatior  >J  c-h  oh  ce. 

/r  v  Yl^flKSS  . 

\  'W  -  ’  -A  TASLE  t> 

PHYSIC AL  PROPERTIES  OF  EA  lfe2?  (SAMPLE  3098/  if. 


Tempei  (T  ■ 

1  -ti  'W  IM 


°c 

25 

35 

50 


.I  i*  \ 


Ftaah  point:  :jg„. 

*  (U>  Mo**"  WS%V- 

..riff  •**'-‘5’ 


■;ure 

i 

|  Density 

I 

Viscosity 

i  .... 

;  uui 

i  tens! 

g/ml 

cs  I 

! 

r  T 

oviie:  . 

(  / 

tuw 

1.023  j 

6.  10  j 

29. 

V- 

1 .  0  14 

!  4.49  j 

29. : 

at  _ 

l_L0£2  J 

;  3.06  ! 

fn 


*  j.  3  5  0  C 


j-cd  with  the  Cassel  feiifjcmeter 
ed  in  a  semimicro  apparatus. 
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7.  (C)  VM  (ZA  1664). 

(C)  Only  two  of  the  five  samples  of  VM  received  were  in  sufficient 

quantity  to  permit  more  than  cloud-point  determinations  in  water  and 
surface-tension  measurements  with  the  Cassel  tensiometer.  VM  was  given 
the  same  vitrifaction  and  storage  treatment  as  VE  but  it  did  not  freeze. 

Table  7  lists  the  values  of  physical  propert’.es  obtained  in  these  Laboratories . 

(C)  TABLE  ? 

PHYSICAL  PROPERTIES  OF  VM  (EA  1664)  SAMPLES  (U) 


Sample  no. 

Density  at 
various  temp 

\ 

Viscosity  at 
various  temp 

i  Surface 

;  tension  at 

j  various  temp 

25  °C 

35  °C 

50°  C 

25  °C 

35°C 

|  50°C 

25  °C 

|  35  °C 

1  »  A  i)- 

j  30  C 

g/ml 

cs 

dynes /cm 

2860- b 

1.0280 

1.0192 

1.0064 

5.77 

4.32 

3.00 

31.0  a/ 

- 

- 

3051, 

- 

- 

- 

- 

• 

- 

fraction  2 

' 

3051, 

1.0311 

1.0225 

1.0095 

5.85 

4.33 

2.99 

31.1  b/ 

30,5  b / 

28.5  b/ 

fraction  3 

30.7 

| 

29.8 

28.  G 

9002 

- 

- 

- 

- 

i 

%►  i 

_  ! 

1 

31.2  cl 

- 

- 

9012 

. 

1 

—  I 

i 

i 

i 

1 

30.9  c/ 

30.1  c/ 

29.0  c/ 

_  . I 

.  ...  J 

- L 

. 

a/ 

(U) 

Measured 

by  the  DuNouy  ring  method. 

y 

(U) 

Measured  by  the  cap  illary- rise  method; 
later;  densities  identical  for  the  same 

second  value  ootained  2  mo 
time  period. 

y 

(U) 

Measured 

uith  the  Cassel  tensiometer. 

3. 

(C)  VS  (EA  1677). 

Four 

samples  of  VS  were  obtained, 

the  last  two  in  too  small  a 

quantity  for  cloud-point  determinations  in  water  for  aid  in  the  assessment  of 
purification  procedures.  Sample  no.  3089  froze  after  2  wk  of  daily  vitrifac¬ 
tion  in  liquid  nitrogen  and  storage  at  -70  ®C.  An  approximate  melting  point  of 
-35°  C  was  observed.  The  physical  properties  which  was  measured  are  shown 
in  tables.  Water-solubility  data  for  sample  9011 ,  fraction  13,  are  given  in  table  9 
and  figure  i.  The  mixture  froze  in  the  lower-agent  concentrations  making 
cloud-point  determinations  impossible. 
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(C)  TABLE  9 

WATER  SOLUBILITY*  OF  VS  (EA  1677) 
(ANAL.  9011,  FRACTION  JL3)  (U) 


Agent 

co’acn 

■ 

§8§l 

m 

A  rr 

concn 

t  4  l 

LWUU 

point 

wt  % 

°c 

wt  % 

°C 

1.4 

26. 

61.6 

-2.  3 

2.  7 

16. 

66.  8 

-1.  9 

3u  7 

10. 

72.  8 

-1.  2 

4.  8 

5. 

80,0 

i  n 

x  •  u 

28.  6 

-4.7 

86.9 

5. 

50.  1 

-2.  9 

90.9 

16. 

57.2 

-2.6 

*  (U)  Measured  by  the  cloud-point  method  in  a 
modified  Beckmann  freezing-point 
apparatus. 


9.  (C)  EA  1694. 

Only  one  sample  of  EA  1694  was  submitted  after  purification  in 
the  molecular  still  at  S0*C  and  5  x  10~4  mm  Hg  pressure.  The  physical 
properties  measured  are  shown  in  table  10.  The  same  vitrifaction  and 
warming  treatment  given  VE  did  not  result  in  crystallization. of  this  sample. 
The  EA  1694  was  miscible  with  water  over  the  temperature  range  from  0°  to 
100°C. 


10.  (C)  EA  1699. 

Only  one  sample  of  this  material  was  received,  purification 
was  accomplished  in  a  molecular  still  at  a  pressure  of  5  x  10~4  mm  Hg 
and  temperature  of  80  *C.  Physical  properties  are  listed  in  table  11. 
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(C)  TABLE  10 

PHYSICAL  PROPERTIES  OF  E-A  1694  (SAMPLE  W)  (U) 


Temperature 

Density 

Viscosity 

Surfac  e 

tension 

°C 

g/ml 

cs 

dynes  /  cm 

25 

1.0453 

4.92 

30.  8* 
31.5 

31.  65** 

35 

1,0367 

3.  70 

30.  3* 

30.4 

50 

1.0236 

2.61 

29.2* 

29.  3 

*  (U)  Measured  by  the  capillary-rise  method;  second 

value  2  mo  later. 


**  (U)  Measured  with  the  Cassel  tensiometer. 


(C)  TABLE  11 

PHYSICAL  PROPERTIES  OF  EA  1699  (SAMPLE  3034)  (U) 


Temperature 

Density 

Viscosity 

Surface 

tension 

°C 

g/ml 

cs 

j 

dynes/  cm 

25 

1. 0600 

1 

5.  31 

31.4* 

32.0 

32.  7** 

35 

1.0510 

i 

3.96 

II 

i 

30.4* 

31.0 

50 

1.0379 

i  2.  74 

! 

i _ 

29.  1* 

29.  8 

*  (U)  Measured  by  the  capillary- ris e  method;  second 

value  2  mo  later. 


**  (U)  Measured  with  the  Cassel  tensiometer. 
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seven  samples  of  VX  were  received  after  various  treatments  in  these  Laboratories.  One  c 
*as  inoculated  with  crystals  of  VS  and  the  VX  appeared  to  freeze  slowly  during  several  weeks 
a  sealed  container  at  -60‘C.  A  good  melting  point  was  not  obtained,  although  the  sample 
ar  and  liquified  at  -39*C.  Subsequent  storage  of  the  molten  material  at  -45°C  for  2  mo  wi 
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(C)  TABLE  13 

WATER  SOLUBILITY*  OF  VX  (EA  170  1) 
(ANAL.  9000)  (U) 


Agent 

concn 

Cloud 

point 

Ag  ent 

concn 

Cloud 

point 

wt  % 

°c 

wt  % 

°C 

4.  8 

21.  5 

37. 7 

9.4 

6.  3 

17.  5 

43.  0 

9.4 

9.  1 

12.  5 

50.  2 

9.  5 

n.  2 

10.  6 

60.  2 

10.  0 

12.  6 

9.  8 

66.  8 

11.  2 

14.  4 

9.  5 

75.  1 

13.  5 

16.  8 

9.4 

81. 2 

18.  5 

20.  1 

9.4 

85.  8 

29.  5 

25.  1 

9.4 

*  (U)  Measured  by  the  cioua-point  method  in 
a  modified  Beckmann  freezing-point 
apparatus. 


12.  (C)  EA  1728. 

(C)  Only  one  sample  of  compound  EA  1728  was  xeceived  for  the 

measurement  of  physical  properties  which  are  shown  in  table  14. 


(U)  Water- solubility  data  for  EA  1728  are  given  in  table  15  and 

plotted  in  figure  2. 

13.  (C)  EA  .1763. 

(U)  One  sample  of  EA  1763  (anal.  9167)  was  received;  the  physical 

properties  measured  are  given  in  table  16.  The  critical  portion  of  the 
EA  1763  and  water  coexistence  curve,  was  completely  obscured  by  the 
freezing  of  the  water  from  the  mixture.  The  remaining  portion  of  the  curve 
is  shown  in  figure  2,  data  for  which  are  given  in  table  17.  The  sharpness 
of  the  cloud  points  at  the  low-agent  concentrations  indicated  the  sample  to 
be  of  high  purity.  Repeated  vitrifaction  in  liquid  nitrogen  followed  by 
storage  at  -70°C  did  not  produce  crystals. 
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(C)  TABLE  14 

PHYSICAL  PROPERTIES  OF  EL-  _  ‘28 
(ANAL.  9022,  FRACTION  2)  ‘X*7 


Temperature 

Density 

Viscosi 

Surface 
. tension  a/ 

g  /  ml 

C  8 

dynes  /  cm 

25 

0.9899 

11.4 

29.  2 

35 

0.9819 

7.  8 

28.  6 

50 

0. 9699 

4.9 

- 1 

27.  2 

L.C.  T.  b/,  -  1.  b'C 
Flash  point  cj  ,  1708C 
mp,  - 12.  1®C 


a J  (U)  Measured  with  the  Cass  el  tensic  .i  'ter . 
bj  (U)  Lower  consolute  temperature  in  water, 
cj  (U)  Values  determined  in  a  semimic  <■  apparatus. 


(C)  TABLE  15 

WATER  SOLUBILITY*  OF  EA  MS  (U) 


Agent 

concn 

Cloud 

point 

Agent 

concn 

j  Cloud 
i  point 

wt  % 

°C 

wt  % 

]  °C 

1.6 

27. 

27.  2 

i  -1.6 

3.  2 

17. 

33.  2 

•  j  -1.7 

4.  3 

11. 

37.4 

1  -1.6 

7.  6 

4. 

46.0 

|  -1.5 

9.0 

2.2 

49.  8 

" 1  • 4 

10.  7 

0.2 

59.9 

-1.0 

15.7 

-  1.4 

66.  5 

!  0. 

18.  7 

-1.5 

74.  9 

!  1.5 

23.0 

-  1.6 

85.  6 

!  6. 0 

*  (U)  Measured  by  the  cloud-point  r aethod  in 
a  modified  Beckmann  freezing  -point 
apparatus . 


CONFIDENTIAL 


Appendix 


28 


ACEHT  CONCFNTOATION,  ITT  % 


CONFIDENTIAL 


<-j  TABL.F,  ;,6 

PHYSICAL  OF  KA  1763  (AN.  a-.  9i67)  (U) 


'OeCl'Slty 


ides 


ti  -  •  «= 


cs 


©  *'*r^?*\  v^r.ss 


25 

35 


0 

0.0 
0. 9  i 


50  / 
39.  3 
2l  i 


L .  C .  T ,  ,  *  *  •  -J  C .  ( 3  ee  tal !  •. 


^Vj)  Mo^sUSed 

.  oy  the  cap. 

(V/  ‘.T'i 

a  solute  tempi 

t  •> .  w 

(C) 

\7 

WA’Q.; 

'S  c/i >  hr": 

it',  ^,:;t  -L^x — -U  . 

’■  *  oy 

^  J'J'iAL, .  n  i/ 

Agent  i 

Cloud  n 

Ag  en ' 

~T“  LI 

1 

concn  j 

point  V-  >-o.  v«*ti 

!  EL 

tr  ’  iffiSMSESX 

wt  % 

*'■*>■*  ;i 

-.vt  ’•<< 

r 

(  ^ 

*  •  . 

1.6  | 

23  i 

67,  C 

■  1 

1 

2.4 

15 

fja.  9 

j  1 

3.7 

9 

92,  2 

S  17 

4.  8 

3  ji 

94.  i 

i 

83.  3 

h.  -4  Jl 

i  -  — _ _  —  „ 

( 

>»c  (U)  Meaau:  «*  l  by  thvr  cloud-point  method  In 
a  modified  Beckcdinn  freezing-point 
apparncuc . 
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